open evacuation is the safest and most satisfactory way of treating the majority of cases of brain abscess.
SUMMARY The operative management of intracerebral abscesses remains controversial, with both primary radical excision and repeated aspiration having their advocates. This paper describes a surgical technique which combines the advantages while avoiding the disadvantages of the two surgical approaches. At open operation the abscess is widely incised, all pus removed from within the capsule and any daughter loculi under direct vision and the empty capsule irrigated with antibiotic solution before closure of the wound without drainage. Fifteen cases were treated by this method. There were no deaths, 13 patients made full neurological recoveries and two were left partially disabled. In only one case was a second operation necessary to remove pus which had re-tormed after an adequate primary clearance. There were no cases of wound sepsis or of late recurrence of the abscess.
Long after the introduction of antibiotics, suppuration within the brain carries a grave prognosis. The mortality reported after operation for brain abscess is still as high as over 40%, and the survivors may be left with disabling neurological deficits.'-' The type of operation which should be used remains controversial. Some neurosurgeons advocate primary radical excision of the abscess,8-II whilst others favour repeated needle aspirations through a burr hole, late excision being reserved for those cases which fail to resolve with aspiration alone.7 12 -15 This paper describes a method of surgical treatment which has not previously been proposed as a definitive approach, and which may be termed "open evacuation of pus". Through a generous exposure, the abscess capsule is widely incised and all pus cleared away under direct vision. The inside of the capsule is cleaned out with an antibiotic solution, the capsule is left in situ, and the wound closed in the normal way without drainage. The 
Method of treatment
(1) Pre-operative preparation Intravenous antibiotics in high dosage were begun as soon as the diagnosis was suspected. For an adult the most usual initial regime was: benzyl penicillin, 4 mega-units 6-hourly, chloramphenicol 500 mg 6-hourly, metronidazole 500 mg 6-hourly. Patients with clinical features suggesting marked cerebral compression or with CT scans showing extensive brain oedema around the abscess were started on intravenous dexamethasone, at an initial dose of 4 mg 6-hourly, reducing to nil over 4-7 days. Immediately prior to operation each patient was given intravenous 20% mannitol to a total dose of 1/2 gm/kg.
(2) Operative technique
All operations were carried out under general anaesthesia with assisted ventilation. Supratentorial abscesses were approached through an osteoplastic flap, infratentorial abscesses by a wide suboccipital craniectomy with removal of the arch of the atlas. The dura was widely opened and after the abscess capsule had been located by a brain cannula, a preliminary aspiration of pus was carried out through the cannula followed by an injection of antibiotic solution (penicillin 20 000 units, plus either gentamicin 4 mg or streptomycin 50 mg in normal saline) into the capsule. The extradural tissues were draped off and a linear cortical incision 2-4 cm was made over the most superficial aspect of the abscess. This incision was deepened to reach the capsule, which was then widely opened. Using brain retractors and a headlamp, all residual pus was then cleared from within the capsule under direct vision. Care was taken to clear pus from any subsidiary loculi which had been revealed by the pre-operative CT scan. The inside of the capsule was then washed out with antibiotic solution and each layer of the closure was irrigated with a similar antibiotic solution, polybactrin spray also being used when this was available. The dura was closed, the brain invariably being slack after removal of the pus and the wound was closed in layers of interrupted silk in the usual fashion. (1) Site: The abscesses were situated as follows: parietooccipital 7, frontal 3, temporal 3, cerebellar 2. There were no cases of multiple abscess.
(2) Source of infection: Otogenic 4, secondary to frontal sinusitis 1, blood-borne 10 (4 cases from dental sepsis, 2 from congenital cyanotic heart disease, source of infection uncertain in 4).
(3) Characteristics of the abscess: All were encapsulated and five had more than one loculus. One abscess had spontaneously burst into the subarachnoid space by the time of operation. In eight cases, the pus was noted to be thick-ened and difficult to aspirate through a brain cannula. ( Open evacuation has not previously been described as a definitive method of treating brain abscesses, although there seem to have been occasional cases treated by this approach in the preantibiotic era. 28 Curiously, several cases treated with success by'a similar method were described by Sir William MacEwen25 in 1893. MacEwen believed that this method could be safely used in the treatment of acute abscesses, although he thought that more chronic abscesses with thick capsules required some form of external drainage. He stressed how necessary it was to carry out a thorough removal of all necrotic tissue, as well as fluid pus, from within the capsule. By irrigating the inside of the evacuated capsule with antiseptic solution and by dusting the bone surface and superficial tissues with iodoform and boracic powder, he was able to carry out a primary closure without sepsis, even though he sometimes re-implanted the bone disc removed by trephining. MacEwen's use of this method was not adopted subsequently by other surgeons. That he was able to carry out this procedure without complications at such an early date is a testimony to his quite extraordinary surgical skill'and to the very high standards of care which his patients received.
Open removal of pus only became practicable as a general approach once antibiotics were invented, but since that time either excision or aspiration have been employed. Open evacuation shares with primary excision the advantage of removing the sepsis at a single operation. In only one of 15 cases did pus reform after an adequate initial clearance. The patient concerned was a cachetic man with neglected and unstable diabetes mellitus. Even so, the recurrent pus was sterile. In two further cases reoperation was required because the first operation had failed to remove pus from daughter loculi.
Like excision but unlike aspiration, open evacuation removes most of the mass effect of the abscess at the first operation. The capsule remains, but once the pus has been thoroughly removed the surrounding oedema soon resolves. The capsule generally collapses in and fades away on the CT scan over a period of 4-8 weeks.
Open evacuation adds little to the neurological damage inflicted by the suppuration itself. A 3-4 cm incision through the overlying brain is sufficient to permit a thorough inspection of the inside of the capsule. If Penicillin will combat streptococci, while the gram negative bacteria which often accompany streptococci will be eradicated by either chloramphenicol or metronidazole.5 19 20 Irrigation of the inside of the capsule and the layers of the wound with penicillin and gentamicin prepared for intrathecal injection seems a wise additional precaution. Systemic antibiotics were deliberately commenced prior to surgery, up to 24 hours in some cases, with the intention of saturating the tissues with antibiotics before opening the abscess capsule, even if this should result in the occasional case where culture of the pus was negative. Open evacuation ofpus: a satisfactory surgical approach to the problem ofbrain abscess? this series two cases were re-explored because of persistent scan abnormalities. In both the capsule contained nothing but a small amount of sterile sero-sanguinous fluid.
Having gained some experience of this approach, the author now believes that open evacuation is the surgical treatment of choice for most cases of brain abscess. A bold and thorough initial removal of pus combined with vigorous antibiotic treatment appears sufficient to effect a rapid recovery. The problems of repeated aspiration are avoided, while leaving the empty capsule within the brain does not lead to wound sepsis or to a late recurrence of the abscess.
Addendum: Since submission of this paper a further patient has been treated by this method. He was aged 28 yr and had a unilocular left temporal abscess of unknown origin. Following open examination of pus he made a rapid and full recovery, without seizures. Two months later he has no neurological deficit and has returned to work.
